The incidence of patients with positive antinuclear antibody test results rose during three years of treatment with hydralazine. At the end of that period over half of the patients (both rapid and slow acetylators) had titres exceeding 1/20, but the rate of rise was faster in the slow acetylators than in the rapid. There was a significant relation between the cumulative dose of hydralazine and the proportion of patients found to have antinuclear factor. Fewer black patients had positive test results than white. Patients whose antinuclear antibody test results changed from negative to positive during the study showed this change five to 26 months after beginning treatment. Some patients showed a substantial fall in antinuclear antibody titre even though hydralazine was continued.
Introduction
The vasodilator hydralazine was introduced as a hypotensive agent in 1950, when the only alternatives were the ganglionblocking drugs. It was used as sole treatment in doses of up to 3 g daily. Treatment failures were common and there were many serious side effects. Some 5-10%// of patients developed a syndrome resembling systemic lupus erythematosus with myalgia, arthralgia, fever, positive antinuclear antibody test results, and LE cells in their blood'-3; hence the drug fell into disuse, especially in Britain.
The toxicity of hydralazine was known to be dose related, however, and the lupus syndrome was rare when doses of less than 200 mg daily were used.4-6 The drug is metabolised by acetylation and the lupus syndrome occurred almost exclusively in patients of the slow acetylator phenotype.'-8 The availability of the beta-receptor-blocking drugs, which controlled the reflex tachycardia and palpitations caused by the vasodilator, resulted in renewed interest in hydralazine."9
Hydralazine is now widely used as the third step in the socalled "step-care" treatment of hypertension, in which the first and second steps are a diuretic and beta-adrenergic blocker.
Patients
The study was conducted over three years, and the subjects were drawn from 221 patients attending the hypertension clinic at Hammersmith Hospital who were being treated with hydralazine.
One hundred and sixty-two patients agreed to be phenotyped as slow or rapid acetylators of sulphadimidine, and form the study group. Forty patients were studied at the time of starting hydralazine or within the next three months (baseline data); the remaining 122 patients had already taken hydralazine for more than three months (table I). All the patients were taking more than one antihypertensive drug during the study: most were taking a beta-adrenergic blocker, usually propranolol or atenolol, plus a thiazide.
Seven patients attending the clinics at Hammersmith Hospital developed the lupus syndrome during the study period, though only two of these were in the study group. Blood samples and clinical details were also available from six patients with hydralazine-induced lupus syndrome seen at other hospitals which collaborated with the study. The seven patients from Hammersmith Hospital who developed the lupus syndrome were compared with the other patients in the study, and all 13 patients with hydralazine-induced lupus syndrome were analysed for the clinical features of the disease. atients were divided into 12 groups according to their total intake of hydralazine, so that there were about the same number of patients in each dose range. Results in these dose ranges were analysed as a single block. There were too few patients contributing results to every block to confine the analysis to sequential changes in individuals. Patients were also classified by sex, ethnic group, and according to whether they were slow or rapid acetylators (acetylator phenotype determined by the method of Price Evans, second dosage schedule12). The effect of these three variables on the probability of a positive antinuclear antibody test result, allowing for a dose effect, was investigated by fitting various logistic models to the data using the computer package GLIM (Generalised Linear Interactive Modelling).1' The midpoints of the dose ranges were taken as the dose values. For each model fitted the number of degrees of freedom and the model's deviance (twice the maximised log likelihood) were generated by GLIM. The statistical significance of a component in a model was obtained by fitting the model with and without this component. The difference in deviance between the two models is distributed approximately as a X2 statistic with degrees of freedom equal to the difference in degrees of freedom of the two models.
Differences in dose-response in the various subgroups were examined. Tests were made to see whether there was a significant linear trend on the dose and whether there was a significant difference in the proportions of patients with positive antinuclear antibody test results between the subgroups.
Symptom questionnaire-The patients with the lupus syndrome all had moderately severe symptoms. To investigate the possibility that there were unrecognised cases with milder symptoms we sent a questionnaire to 116 patients taking hydralazine and 421 patients matched for age and sex receiving other antihypertensive treatment, mainly diuretics or beta-blocking drugs alone or in combination. The patients were identified from records of the DHSS hypertension clinic computer project. Questions were asked about symptoms that could form part of the lupus syndrome-pain in the joints of the hands and other joints, tingling or numbness in the hands or feet, cold hands or feet, a red rash on the face or elsewhere, weakness, loss of appetite, and night sweats-and about symptoms that might result from the vasodilator action of hydralazine-flushing of the face, the heart thumping or missing a beat, bloodshot eyes, and shaking of the hands. 937 between the titres was also highly significant (p < 0 001). The rate of increase in the proportion of patients with antinuclear antibodies was not significantly different between the groups (p=0-61). 
Results
The results presented come from all 221 patients from the hypertension clinic (503 antinuclear antibody analyses) or from the study group of 162 patients whose acetylator phenotype was determined.
ALL PATIENTS
The influence of total hydralazine intake on a positive antinuclear antibody test result at three titres (> 1/20, > 1/40, > 1/160) was analysed. A significant regression of the proportion of patients with a positive result on the amount of hydralazine consumed was seen at each titre (p < 0 001, fig 1) . The The main interest of the questionnaire results was the significantly lower incidence of symptoms such as pain in the joints of the hands and swelling of the face in the patients treated with hydralazine. These patients also had a lower incidence of other symptoms such as rash on the face and pain in the other joints, though this did not reach statistical significance (table V) . As it is unlikely that hydralazine has a specific beneficial effect on such symptoms a more probable explanation is that hydralazine was stopped in patients who developed such symptoms whether or not they were due to the drug. This explanation finds some support from findings about symptoms more likely to be related to the vasodilator action. Patients treated with hydralazine complained less of heart racing while at rest, though this did not reach statistical significance (p = 0 07). Concomitant treatment with beta-adrenoceptor-blocking drugs may have further reduced the frequency of this symptom. One unexpected finding was a much higher incidence of sexual problems, especially with erection, in men being treated with hydralazine. This may have been related to the vasodilator effect.
Discussion
The hydralazine-induced lupus syndrome is unpleasant for the patient, though it appears to be fully, but slowly, reversible when the drug is stopped. The incidence of the lupus syndrome is greater in women, in slow acetylators, and in people of the HLA type DR4. All patients with the lupus syndrome had antinuclear antibodies and one of the main objectives of the study was to assess the importance of a positive antinuclear antibody test result in patients who had no clinical manifestations of the lupus syndrome.
The proportion of patients taking hydralazine who had positive antinuclear antibody test results at titres of one in 20 rose with duration of treatment. The proportion rose more quickly in slow than in fast acetylators but after three years of treatment the proportion of positive results was similar; 54% in slow and 46% in fast acetylators. There was no significant difference in the incidence of a positive antinuclear antibody test result between the sexes. Thus there were important differences between the factors that influenced the development of antinuclear antibodies and the development of the lupus syndrome. A few antinuclear antibody titres were very high but there were large and unpredictable fluctuations in the titre, which much exceeded the reproducibility of the test system. A positive antinuclear antibody test result alone is of little predic-tive value in relation to the lupus syndrome as most positive results occur in patients with a low risk of developing the lupus syndrome.
The link between the development of an antinuclear antibody and the lupus syndrome is of considerable interest but appears to be indirect. Only patients with antinuclear antibodies develop the lupus syndrome but the proportion who do so must be small, as the incidence of a positive antinuclear antibody test result is 30-600% after three years of treatment but that of the lupus syndrome is only 1-3%. Several genetic factors such as sex, acetylator state, and HLA type determine which patients develop lupus but do not influence the occurrence of antinuclear antibodies so we cannot be certain that antinuclear antibodies play any direct part in the pathogenesis of the disease.'4-17 The presence of antinuclear antibodies does not appear to require any change in treatment unless there are other features that place the patient in a high-risk group or the patient has developed persistent symptoms. 
Case report
A 53-year-old ex-foundry worker had previously been well except for exertional dyspnoca due to chronic obstructive airways disease. Treatment had included salbutamol by inhalation and cimetidine for dyspepsia, which had been stopped three months previously. There was no history of alcohol abuse or recent steroid or diuretic treatment. On the day of admission he awoke at 0300 to find his wife dead in bed. His children subsequently reported that by 0600 he was acutely short of breath, cold and sweaty, trembling, and uncommunicative. He vomited on his way to hospital and on arrival at 0830 was conscious, nauseated, and complaining of epigastric and central abdominal pain.
On examination he was shocked (pulse 150/minute, regular; blood pressure 90150 mm Hg), tachypnoeic, restless, and tremulous but not feverish. His abdomen vas distended with diminished bowel sounds and epigastric tenderness.
Overdosage with an unknown substance was provisionally diagnosed; the stomach was aspirated and a coffee-ground material recovered. Immediate investigations showed supraventricular tachycardia, fluid levels on a plain abdominal x-ray film, leucocytosis, hypokalaemic metabolic acidosis, hyperglycaemia, glycosuria, and high serum amylase activity. The diagnosis was amended to acute pancreatitis. The table shows the results of subsequent relevant investigations.
Supportive treatment with intravenous fluids, blood, potassium, insulin, and gastric aspiration was begun. His tachycardia was controlled with intravenous verapamil, but he received no morphine. His condition deteriorated, and grand mal convulsions were followed by cardiorespiratory arrests, culminating in death a few hours later. Subsequent necropsy showed coronary atherosclerosis and pulmonary oedema. The stomach contained approximately 30 partially dissolved tablets, later identified as Phyllocontin, and 500 ml of haemorrhagic fluid containing 526 mg of this drug. The upper part of the jejunum was congested. The pancreas was normal macroscopically and microscopically. Postmortem liver and blood theophylline concentrations were 108 mg/l and 100 mg/l respectively, the therapeutic blood concentration being 10-20 mg/l.
Comment
This case showed many of the previously described features of theophylline intoxication-namely hyperglycaemia, hypokalaemia, and metabolic acidosis.' Despite the clinical picture and the appreciably raised serum amylase activity there was no evidence of pancreatitis at necropsy.
Hyperamylasaemia has not to our knowledge been previously documented in theophylline intoxication. It was, however, present in nearly Conzversion: SI to traditionial units-Potassium: 1 mmol/l = 1 mEq/l. Serum calcium: 1 mmol/ 14 mg/100 ml. Bicarbonate: 1 mmol/l = 1 mEq/l. Plasma glucose: 1 mmol/lv 18 mg/100 ml.
